
1

COMET-VR:
A carbon sequestration decision 

support tool

Richard T. Conant, Keith Paustian, John 
Brenner, Roel Vining, Stephen Ogle, Ken 

Killian, Mark Easter, Steve Williams

and others too!

What are the challenges ?

• Soil C stocks and changes in stocks 
are contingent on several variables
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What are the challenges ?

• Soil C stocks and changes in stocks 
are contingent on several variables

• Non-point sources/sinks
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IPCC 2007

What are the challenges ?

• Soil C stocks and changes in stocks 
are contingent on several variables

• Non-point sources/sinks

• High spatial and temporal variability.
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Spatial variability of surface soil C

KBS-LTER; CAST 2005

What are the challenges ?

• Soil C stocks and changes in stocks 
are contingent on several variables

• Non-point sources/sinks

• High spatial and temporal variability.

• Direct measurement of fluxes 
requires sophisticated technologies.
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Changes in soil C stocks are equivalent to the cumulative sum of

changes in C fluxes 
(∆∆∆∆ soil C = ΣΣΣΣ ∆∆∆∆ soil respiration + ∆∆∆∆ photosynthesis + ∆∆∆∆ plant respiration + …)
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Carbon changes through fluxes

Automated soil flux chamber

Eddy-covariance tower

CAST 2005

Carbon changes through fluxes
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Requirements for model-based 
decision support systems (DSS)

• Effective integration of existing knowledge 
and data. 

• Robust causal relationships that produce 
unbiased estimates.

• Uncertainty is quantified.

• Supported by measurement and 
monitoring system to enable 
improvements over time

• General applicability and user-friendliness.
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COMET-VR (CarbOn Management 
and Evaluation Tool – Voluntary 

Reporting)

•Currently supports soil C estimates and fuel usage estimates

•N2O emissions will be incorporated in soon

DSS design
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Estimator

Spatial Data:
Soils and Climate

Survey Data:
Land Use and Mgmt

Data (CSRA/NRI)
CURRENT LAND USE INFORMATION FROM LOCAL KNOWLEDGE (SHEET A)

STATE INDIANA COUNTY BLACKFORD

FOR INDICATED SOILS ON MAP DETERMINE:

MUID (STATSGO ASSOCIATION) IN004 IN005 IN029 IN032       

LAND USE INFORMATION

72.9 90.7 74 83.4

          CLASS  I & II

          CLASS  III &  IV

          CLASS  V  &  V I

FOREST OR TREES 10.9 0.9 17.5 11.9

GRASS  LANDS 14 7.7 8.5 3.1

WATER / WETLANDS 0.1 0.6 0 1.7

URBAN / OTHER 2 0.05 0 0

TOTAL 99.9% 100.0% 100.0% 100.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

LANDSCAPE DESCRIPTION

FLAT

ROLLING HILLS

STEEP HILLS

FLOOD PLAIN

OTHER

TOTAL 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

TOTAL CROPLAND: % OF THIS SOIL IDENTIFIED AS CROPLAND .   THE SUM OF LAND CAPABILITY CLASS I & II,  III & IV,  AND V & VI MUST ADD TO THIS %.

     CLASS I & II: % OF THIS SOIL THAT IS CLASS I &  II CROPLAND.

     CLASS III  & IV: % OF THIS SOIL THAT IS CLASS III &  IV  CROPLAND.

     CLASS V & VI: % OF THIS SOIL THAT IS CLASS V & VI CROPLAND.

FOREST OR TREES: % OF THIS SOIL IDENTIFIED AS  FOREST OR TREES.

GRASS LANDS: % OF THIS SOIL IDENTIFIED AS GRASS LANDS.

WATER /  WETLANDS: % OF THIS SOIL IDENTIFIED AS WETLANDS.

URBAN /  OTHER LANDS: % OF THIS SOIL IDENTIFIED AS OTHER LANDS INCLUDING URBAN LANDS,  DEVELOPED LANDS, ABANDONED LANDS.

LANDSCAPE DESCRIPT ION: % OF THIS SOIL IN EACH LANDSCAPE DESCRIPTION.

CARBON SEQUESTRATION RURAL APPRAISAL

TOTAL CROPLAND

Results 1605b
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COMET-VR History

•1980’s – Century model researched and developed

•1995-2002 – State level and CRP soil carbon 
assessments (IA, IN, NE)

•2002 – COMET-VR development began

•2003-2004 – CSRA data gathering conducted

•2005 – COMET-VR made web available

•2006 – COMET-VR used in CSP

COMET-VR

• Beta Version

• 20 LRR’s

• < 10 rotation choices 
per LRR

• 6 soil textures

• Century model w/ 
uncertainty estimate

• Version 1.1

• 226 MLRA’s

• 20-40 rotation choices 
per MLRA

• 12 soil textures

• Century model w/
improved uncertainty 
estimate
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Agricultural Experiments
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Model Structural Uncertainty
• Uncertainty in model algorithms, 
parameterization and measurement error 

• Empirically-Based approach
• Uses data 50 sites with over 800 management 
treatment observations

• 95% CIs at MRLA level, with current data 
and model, are typically 30-100% of mean

Required Responses to Utilize 
COMET-VR

• Location
– State and County

• Parcel Information

• Soils Information
– Soil Texture/Hydric Condition

• Management History (crop rotations, 
tillage systems or grazing systems)
– Pre 1970’s

– 1970’s-1990’s

– Base: 1990’s-Current

– Reporting Period: Current + 10 years
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Select state and county
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• 2006 CSP - EAM-40 (COMET-VR)

• 18 states

• $450,000

• 900 contract-years

COMET-VR applications

• 1605B voluntary reporting of GHGs

– Initiated in 1992 Energy Policy Act

– Administered by DOE 

– Revised guidelines issued in Jan 2007

• USDA Farm programs

– C sequestration included as part of the 
Conservation Security Program

– Future farm bill legislation ?

• C trading?? – YES in state of CO



17

COMET-VR Enhancements

• Improved feedback and user response

• Continue soil carbon reporting in CSP

• Tool evaluations/questionnaires

• Improved uncertainty estimation

Developing a national 

measurement network to refine 

uncertainty analysis (3000-

5000 sites)
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• NRCS is currently looking at the addition of 
new management systems for COMET-VR. 

• A link to COLE – the forest land C 
sequestration estimator. 

• COMET-VR for agroforestry, fruit and nut 
orchards is being implemented. 

• COMET-VR expansion to Hawaii

• Expansion of rangeland and rangeland 
management options

COMET-VR Enhancements II
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Rangeland DSS
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Ecological site descriptions



20

For more information:

• http://www.airquality.nrcs.usda.gov

• http://www.cometvr.colostate.edu


